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(£) A Wood pwrfficrion apparatus incfudaa an txtacorporeel 
drcuLruon fyetam. a bleed purifier provided in the tretem 
for purifying Wood by dieJyeis or fifuation through • 
tarntparmaaWa membrane. • circulation Mood volume 
mattering inauvment for meeeurine; chengee in a circulating 
blood votuma «flhJn • patrenf i body, a control aeetiOA 
competing a memory for ttoring a program for a pattern of 
changes in the circulating blood volume during Wood 
purification. tn« program oaing matcher' to the condition of a 



peuenx and • regulator connected to tna aifueeorporeai 
circulation svftam and the control seaiOA. for eenuotiing tna 
circulating Wood volume, the regulator being controlled by 
the oo-itfof taction on the basis of the circulating Wood 
volume meeeured during blood purification and mo prog- 
rammed amowm. In this apparatus, optimum blood purifica- 
tion ia earned out while maimaintrtg the circulating diooo 
volume at ■ praecribed leveL 
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BLOOD PURIFICATION APPARATUS 



DETAILED DESCRIPTION OF THE IK VENT ION 
Field of tht Invention 

This Invention relates to an apparatus for purifying 
blood by dialysis and/or filtration, using a sealperaaablc 
membrane and aore particularly Co an faproved blood 
purification apparatus tnabling appreprlata autoaatic control 
of changts in circulating blood veluae in* the patient's body. 
Fitld of tht Invention 

In recent ycara patients who have loat the ability 
to keep their blood free of vastt products because of renal 
failure or other disorders have been treated using a blood 
purification apparatus which purlflea blood renovtd froa tht 
patient's body by dialysis and/or filtration using a 
tealperacable aeabrsne and- then returns the purified blood to 
the patient. 

It is well known that in this type of apparatua 
water oust 'be reaoved with the waste products by 
ultrafiltration and it la necessary to aaintain the water, 
reaoval'* rVte appropriately i More specifically, rapid and 
excessive water reaoval causes a rapid and excessive decrease 
In the circulating blood voluae within the patient'a body and 
consequently re*: , * , :j in syaptoaatlc hypotension or shock. 

On the other hand, when the water reaoval is 
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toe ilov, • long time Is required (or blood purification 
and. if the amount of re»ov*l should bt insufficient, chert 
li the dinger of the occurrence of hypertension or heart 
failure. 

Therefore, In conventional apparatuses the totsl 
eaount of voter removal hea beet maintained at an appropriate 
level in the case of hemodialysis by maintaining the 
ultrafiltration rate at a fixed level during dialysis or by 
determining the ultrafiltration rate In accordance with a 
vattr removal program aet empirically beforehand at the start 
of dialysis. 

Unfortunately, however, it has become clear In 
recent years that the -control of ultrafiltration rate in the 
conventional mode la not enough to maintain patients in 
excellent condition during blood purlf Icatton . Tola Is 
because most discomfort during blood purification results 
from excessive decreoae of the circulating blood volume 
within the patient's body, which is related not only to the 
water removal rate but also to water transfer rate through 
the capillary walls. Therefore. It ia obviously difficult to 
appropriately control the circulating blood volume within the 
patient's body merely by controlling the ultrafiltration rate 
as has been the conventional practice up to now. 

Another conventional method for carrying out 
• p^priate control during blood purification involves 
aeasur*ment of the electrical Impedance of the blood and 
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carrying «ut control on th« baals of tht atstured value to 
prevtnt excessive vitir reaoval froa tht patient's body 
during blood purification. For exaaple, changes in the 
cltctrical iap«danct of the blood in tht extracor portal 
circulation aystea art aeasured on tht srterlal blood line or 
on both tht arttrlal and venous blood llnta of tht 
hcaodialyxtr , and on tht basla of tht aeasured changes in 
iaptdanct, control is carried out to reduce tht operation 
rate of tht heaedlalyser to tht present level or to Inject a 
•plasaa product into the blood circulatory path. 

With thtat conventional apparatuaes, however, It has 
been difficult to appropriately control tht circulating blood 
voluae in tht patient's body sinct tht electricsl resistivity 
of blood not only depends on tht chtaical condition of blood 
and water conttnt but Is also lastly sfftcttd by ether 
fsctors auch as blood ttaptraturt and flow rata and 
particularly by trythrocytt orientation and axial 
accuaulstion associated with the flow of blood. As for the 
conventional tppsrstusts, ss thty do not takt all of thtse 
vsrious factors into consideration, thty art not capable of 
accurately measuring changes in watsr content snd therefore 
csnnot csrry out the rtquirtd control properly. A sptcific 
problea in this connection hsa' been that in the conventionsl 
method the resistivity of the blood is aeasured by passing s 
current between electrodes provided at locationa separated 
froa each othtr in tht flow dirtction of tht blood. In this 
csst, howtvtr, tht aeasured value obtaintd for flowing blood 
is auch saalltr the* that obtaintd for tht ssat blood st 
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r«at. aaklng it difficult to carry out aeaaureacnt 
accurately. For esaaple. when tht realstlvlty of blood 
having a hematocrit of 36X la aeaeured using a »essure»ent 
frequency of 10 KHx, th« valut obtalnad at a ahear rata of 
100 S" 1 la 12X laaa than that for tha aaat blood at reet. 

Tha conventional apparatuaaa aoroover have a 
fundeaental problea in that they do not carry out faadbaek 
control but aerely carry out control of tha purification rata 
and othar factora on an eaefgency basis when ona of tha 
factora baln| aonltored, for exaaple tha changa In alectrlcal 
reeistivity of tha blood, has raached a praacrlbad dangerous 
level. Thua. like earlier apparatuaaa with no control 
capability, they Barely carry out purification under 
predetermined fixed conditions and are incapable of properly 
controlling water reaoval in a coapr*hensl ve and continuous 
■annar. 

In order to carry out appropriate blood purification 
by heaofiltration , another known aethod of blood 
purification, it la necessary, at the tiae of reeoving large 
aaounta of ultraf iltrate froa the blood together with 
undeairable vaate product*, to suppleaent the blood with a 
"replacement liquid in an aaount equal to »r alightly less 
Chan the aaount of ultraf i Urate ao aa to prevent a sudden 
drop in the circulating blood voluae within the patient's- 
body. 

For thia purpose it has been propoaed to c-orry out. 
control in the heaofiltration device with respect to a 
predetermined difference in weight or voluae between che 
aaount of filtrate and the aaount of supplied liquid so as 
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t0 maintain a balance between tht two each time. This 
ae thod is dlssdvantageous, ho«e»tr, because it requires an 
( l«borctt and bulky apparatus end btcsust it Is lncspablt 
e f appropriately controlling tht Circulating blood voluae 
within th* patient'* body sines, as explained earlier, the 
circulating blood voluae in the pstltnt's body Is not 
determined solsly by tht amount of water removed (the 
difference between the aaount of filtrate end the aaount of. 
replecenent liquid). 

Because of these shortcomings of conventional 
•pporatuses. there has been strong interest in the 
development and reduction to practice of s blood 
purification apparatus capable of automatically controlling 
the rate at which water is rcaoved froa the patient so as 
to maintain tht circulating blood voluae within the 
pstlent's body st ss appropriate level each tiae during 
blood purification. Moreover, it has la recent years been 
found that control of water removal rate alone is not 
sufficient. 

This Is becsuse changes (decreases) in the circu- 
lating blood voluae within the patient's body arc equal 
to the difference between (1) the aaount of water aoving 
froa interstitial space into the blood vessels associated 
with variations in body fluid distribution resulting 
from the adjustment to differences in effective osmotic 
pressure and in aechanleal pressure within the body, namely 
the amount of water tranferred from interstitial space 
into the blood vessels and the esounc of water 
tranferred from intrecellular apsce into Interstitial space 
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(tht tr.n.f, r of vtter Mn% po „ mf lfl eUhtf dlrteUon> 
th.t fro. th, initr.tlti.l ap.ct into tht blood v.,«i, wlu 
b« rtftrrtd to po.iti*t).nd (2) tht a.ount of v.t.r 
r.tov.d fro. th# blood outtldt che bedy dorlnj bleod 

purification. 

If in ordtr to rapidly re.ovt tht . f ort.tntiontd 
•olute. accu.ul.t.d within tht body thtr. 1, 01td . 
rtpl.c.nt fluid in th. «... 0 f ht.of il tr. tion or . 
dWlys.t. in tht c.t of ha.odi.lj.i, which is co.pl.t.ly 
frt. of th. v. rl0ul co.pon.nt. .ccu.ul.ttd within tht body or 
which contain, th.. only i„ U w conc.ntr.tlons. th. orotic 
pr.ssur. of th. .,tr.c.llui.r fluid will drop, c . u .l«g w.ter 
tr.n.f.r f ro . int.r.tlti.i .p.ct Into intr.c.llul.r .p.c. .nd 
a cons.qu.nt d.cr..'.. m v.t.r tr.n.f.r fro. int.r.tlti.i 
.p.c. into th. blood v.ss.l. ..d ..king it nec«...ry to lover 
th. v.t.r rt.ov.lr.t. .0 .. to ..int.ln tn< circul.ting 
blood volu.. .t th. prop.r l.v.i. i ff on tnt oth „ han<Jf ^ 
-void thi. .itu.tion . solution vith . high os.otic pr.s.ur. 
is us.d «. th. repl.c.tnt fluid or di.lys.c, chert 1. th. U 
dtng.r of c.u.ing the .ccu.ul.tion of cht.t .olutt. within 
tht body. 

Con.tqutntly, in ordtr to c.rry out blood ° 
purific.tion without .xctsslv.ly r.ducin, th. circul.ting 
blood volu.. within th. p.ti.nt'. body but whil. r.moving • " *i 

prop.r ..ount of v.t.r .nd tht various soluttt, it is 
ntc.ss.ry not only to ..int.ln th. v.c.r r.aow.l r.t. -A 
•t an .ppropri.t. l.v.l but also to aaiht.ln . prop.r ,J 
distribution of th. body fluid., p.rticul.rly th* blood ' l 

pus., and th. intr.c.llul.r and int.rstlti.l fluids. For 
this it is n.c.ss.ry to ..lnttln th. osaotlc pressure of the 
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patient's titrectlluler fluid Including pUm at an 
appropriate level during the bleed purification operation, 
which la to say that tht eenctntratlon of the various solutes 
within tht extracellular fluid aust bt aalntalntd at an 
appropriate level. And. since the concentration ef the 
eolutea In the extracellular fluid Is affected by the 
concentration of the solute in the replacement fluid or 
dialysate. It is necessary to appropriately control the 
solute concentration in tht replacement fluid or dialysate in 
order to maintain tht proper distribution of body fluids; 

However, as the appropriate solute concentration of 
the replacement fluid or dialysate varies with the deslr-d 
osmotic pressure of the body fluids and with conditions of 
tht particular patient, the conventional apparatuses have 
been unablt to dtttrmint tht approprlatt -solute concentration 
of the replacement fluid or dialysate so that, as a result, 
it has as • practical matter been difficult to earry out 
blood purification in a manner best suited to each individual 
patient. 

Object of the Invention 
One object of the present invention is to provide a 
blood purification apparatus which overcomes the problems 
discussed above with respect to the prior art and more 
specifically to provide a blood purification apparatus for 
continuously purifying the ext racorportally circulating blooJ 
of a patient, which is capable of stably carrying out 
efficient water removal from the body while maintaining the 
circulating blood volume within the patient's body st an 
appropriate level. 

Another object of tht present invtntlon is to NMT00388 
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provide a blood purification apparatus for continuously 

purifying the «xt racorporeelly elrculatln| blood of a patient 

by dialysis or heaof titration using a aealpt ratable seabrane, ~' 

which ia capable of stably carrying out v«U-balanc*d reaoval 

of vast* products froa tht body whilt aaintalnlng the 

clrculoting blood voluae within the patient's body at an 

appropriate level. 

BRIEF EXPLANATION OF THE DRAWINGS * 
FIG. 1 Is a block dlagraa of the first eabodiaeot of 
•the blood purification apparatus in accordance with this 
invention ; 

FIG . 2 is an explanatory view of the hematocrit 
aeaauring inatrustnt uaed In the eabodlaent of FIC. 1; 

FIC. 3 is a block dlagraa of the control section 
used la tht eabodlaent of FIG. 1; 

FIG. 4 is a block diagraa of the* second embodlacnc 
of the blood purification apparatus in accordance with this 
invention ; 

FIC. 3 is an explanatory view of the heaatocrlt 
aeasurlng Inscruaent used in the eabodlaent of FIG. 4; 

FIG. 6 is a block diagraa of the control section 
used in the eabodlaent of FIG. 4; 

FIG. 7 is a block diagraa of the third eabodlaent of 
the blood purification apparatus in accordance with this 
invention; 

FIC. 8 is a block diagraa of the control section 
uaed la the eabodlaent of FIG. 7; 

FIC. 9 is a block diagraa of the fourth eabodlaent 

* a w 
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of th. blood purific.tion apparatus 1„ .ccord.ne. with thi, 
invtnc Ion ; 

FIC. 10 i. . block di.gr.a of the control section 
used in the embodiment of FIC. 9; 

FIC. U i, . block dl.gre. of the fifth eabodiaent 
of the blood purification app.r.tu. in .ccord.ne. with thi. 
invention; 

FIC. 12 1. .n eiplan.tory view of th. heaatocrit 
me.suring in.trua.nt used in the\»bodiaent of FIC. 11; 

FIC 13 i. . block di.,r.. of th. control ..ction 
used in the eabodiaent of FIC. 11; 

FIC. H 1. . block di.gr.. of the sixth eabodiaent 
of the blood purification .pp.r.tus in .ccord.ne. with this 
invention; .nd 

FIC. 15 it . block di.gr.a of the control section 
used in the eabodiaent of FIC. 1*. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Embodiment* of thi. Invention vlU now be explained 
in det.il with reference to the drawings. 

First tabodlaent: 

FIC. 1 show, the b.slc structure of th. first 
embodiment of the invention, which is used for heaodi.ly.i. . 
The .pp.r.tu. include, sn extracorporeal circulation systea 
10 through which blood reaoved fro. the patient's body is 
circulated, . dialysate section 12 for supplying di.lys.te to 
the extracorporeal circulation systea 10 and a control • 
section H for controlling a decoapresslon puap 28 in 
accordance with the hea.tocrlt detected in the extracorporeal 
circulation systea 10. 

. 9 , NMT00390 
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In tht ticrtcorpor.il circulation system 10. blood fro» 
the patient Is fed via en arterial blood lint 16 to e^ditlyrer 
18 which purifies tht blood by dielyais tnd ul tr a f i 1 tr ttion In 
cooperation with the dialyaate supplying, section 12 wh.rt titer 
the purified blood returns to the patient vit a venous blood 
line 10. During this process the blood i» circulated by t 
circulation pump 22. 

In order to carry out optie.ua water removal in s 
generally known dialyaer such as that described above, the 
■present invention provides a hematocrit measuring instrument 24 
in the extracorporeal circulation systaa 10. This hematocrit 
aeaauring device 24 continuously acaaurts the electrical 
resistance of tht blood to obtain the blood hematocrit tnd the 
water removal if appropriately controlled to maintain the 
circulating blood volume within tnt p*ci«.i:'j -J . >tizt irr-.t: 
_s WtTtaly ;rc;orticntl to the hematocrit, in conforevty with 

a preaat program. 

The dialyssta supplying section 12 associated with the 
di.lyxer 18 is provided with a known di.lyaate supplying device 
26 which supplia. di.lya.te to the dialytar 18. The ditlyrer 18 
1. also connected to a decompression pump 28 which acts as a 
regulator for the circulating blood volume within tht patient's 
body. The decompression pump 28 appli.s • transmembrane 
pressure to the semipermeable .e.br.n. of the dialy.tr 18 by 
reducing the pressure on the dialyaate aide, causing 
ultrafiltration fro. the blood side into the dialyte side 
through tha .emlptrmeabl. ...bar. In thi. - iir.t embodiment of 
the invention tha tr.na.a.br.ne pres.ur. generated by the 



- 10 -r 



NMT00391 



0089003 

decompression pump 28 Is controlled by • control section H 
on the bests of the aforesaid hematocrit value, thus asking 
it possible to appropriately control the oltrs £11 trstion to 
the desired rste for csch individual patient end to carry out 
optima wster removsl without danger of csuslng co.pl icstions 
in the pstlrnt during the blood purification operation. 

The control section 14 consists of*s control unit 32 
for controlling the decompression pua-p 28 on the basis of the 
measured value transmitted from the heaatocrit measuring 
instrument 24 and on the basis of a preset program, and a 
setting unit 34 for storing a program corresponding to the 
desired hematocrit variation pattern for the particular 
patient as determined from his medical record. 

The structure of th* hematocrit measuring inseruoeac 
is shown in detail in TIC . 2. As shown, the instrument 
comprises a resistivity measurement device 36 which measures 
the electrical resistivity of the blood entering via the 
inlet pipe 16, a temperature compensator 38 for compensating 
the measured resistivity for temperature, and an arithmetic- 
circuit 40. 

The resistivity measurement device 36 has a measurement cell 
42 connected to and communicating with the inlet pipe 16. 
The cell 42 meaaurea electrical -resistivity by the 
four-electrode method. In this embodiment, the electrodes 
ar- disposed in s special way In order to eliminate the 
effect of blood flow on the >urcaent. More specifically, 
an lnsulatlve pipe 44 is provided with a pair of current 
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electrodes 46. 48 end a pair of voltage electrodes SO. 5 2 7 
with the currtnt electrodes 46, 48 being located at 
eyeaetrically opposite positions with respect to the axia of 
the insulative pipe 44 and being separated froa one another 
by a desired distance in the direction of said axis, and with 
the voltage electrodes SO, 52 being provided inwardly of and 
parallel to the respective current electrodes 46, 48. As a 
result of this structure the resistivity of the blood is 
aessured obliquely to the direction of blood flow. 
Measurement current is supplied between the current 
electrodes 46, 48 froa a constant AC current source S4 and 
the resistivity of the blood is aessured in teras of the 
voltsge appearing serosa the voltage electrodes SO, 52. A 
voltaeter 56 is provided between the voltage electrodes 50, 
52 to monitor this voltage and the output thertfroa is 
forward«d to the temperature compensator 38. 

In order to compensate for blood teaperature, • 
thermistor for measuring temperature is provided in the 
insulative pipe 44 and the output terminal thereof is 
connected to the temperature compensator 38. 

By the employment of a resistivity measuring device 
36 having the above described structure it is possible to 
eliminate the effect of blood flow on the aeasured value. 
Blood consists of a corpuscular component (blood cells) and a 
non-corpuscular component (plssma) and, from the viewpoint of |j 
electrical properties, f*: the frequency range of 1 KHs to 1 
MHz, can be considered to constitute a non-uniform system 
consisting of red cells with poor conductivity suspended 
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in plasae with good conductivity. As red calls art biconcave 
disks, they oritnt theaselves in the flow direction when 
blood flows in * tub* end, at a result, tht electrical 
rcalatlvity of flowing blood depends on tht dirtctlon of tht 
«pplitd tltctrical field. At a ahear ratt of 300 S _1 or 
leaf, tht tltctrical resistivity In tht dlrtctioa of flow 
dtcrtaata and that perpendicular to tht direction of flow 
increases, asking it difficult to deteraint tht hematocrit 
accurately* Therefore, in this tabodiaent, the electrodes 
are positioned obliquely with respect to the direction of 
blood flow as described above. This enables aeasureaent of 
the electrical resistivity In a direction that includes both 
s component In the direction of flow and in the direction 
perpendicular thereto so that even if electrical anlsotropy 
hss arisen in the blood due to Its flow, It will still be 
possible to obtain the aaae measured vslue for tht 
resistivity as would be obtslned were the blood at reat since 
the effect of the anlsotropy is canceled out. In this 
embodiment, vlth a view to aasurlng tht safety of the petient 
and avoiding tht tfftct of polar! ration , a currant of 25 KHz 
and 30 UA raa la supplitd froa tht constant AC currtnt source 
54, and. moreover, tht voltatttr 56 converts tht AC voltagt 
to a DC voltagt which it forwards to tht temperature 
coapenaator 38. 

In accordance with this arrangeaent, the electrical 
resistivity obtslned froa tht resistivity aessureoent 

device 36 is compensated for teaptrature by tht temperature 
coapenaator 38 according to the resistance of tht theraistor 
58. Tsklng into consi dtrstion that in the vicinity of body 
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temperature tht electrical reeletlvlty of blood decrtssta 
•bout 2X ptr 1*C lncreeee In tceptratura, tht teaperaturt 
compensation la earrltd out ao aa to convert tht aeaeured 
resistivity to that at 37*C. 

Next, tht tesjperature-coepenaated resletlvlty value 
ia forwarded to tht arithmetic circuit 40 where It la uaed to 
calculate tht heaatocrlt. Tht rtlatlonahlp between the 
realatlvltjr 0 fa (11 cm) of blood In tht vicinity of 23 KHz and 
tht heaatocrlt Ht according to tht ctntrlf ugation mtthod can 
be expreaaed aa: 



p b ■ K 2 • 1 CD 

Aa, however, Ij *- 47 and \ 54 f tht hematocrit Ht ean be * 



obtained at follovat 



Tht arlthaetlc circuit 40 la provided with an attenuator 60 
and a logarithmic aapllfltr 62 for calculating Ht lo 
accordance vlth the foreula (2). 

It la a feature of thla invention that the 
heaatocrit calculated from the electrical resistivity of the 
.,lood in thla way la used by tht control section 14 to • 
control the circulating blood volume in the patient's body. 
A preferred eebodlseat of the control aection 14 is 
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„„. i» «c. J. 

In thi» ..b.dl..«t th. ..ttln. »»lt J* 
f0 ,..tl.« obt.ln.d «ro. th. p.ti.nf. "did 
p ,.f.r.bl. p.tt.ro .£ v.rl.tio. 1« th. clre.l.tlM "••« 
'„,„.. In th. p.ti.nf. Mr ««IM " tht »"""" 

h...t«rit ,.rl.ti.». It tho. incl.d.. . k.,»..r« M lor 

„.,l., infor..tl.n .. th. circ.l.tin, blood ..1— 1- th. 
,.,l..f. bod,. — «»» " .*•«••»*- ...or, 

■66. 

Th. control unit 32 1. .rr.n».d to control th. 

...Off ••*!•• »■■» « et th » "" l0 " U " 

1 of th. pro.r.. .tor., t. th. h...t.crlt ...or, 66 ... 

... .....r.d v.l.. fro. th. h...t.crl« ....urin, i».cr»...t 

». It th.r.f.r. co.pri... . ..btr.ct.r 68 for obt.inin, th. 

mf.r.nc. b.t«.» th. h...tccrlt «!.. .cc.rdin. to th. 

,r.,r.. ."r.d 1. th. h...t.cric ...or, 66 ..« th «r.d 

K.a.toerit Kt obt.in.d fro. th. h...tocrit ....«ri.» 
l...r.-»t 2* d.rin, di.1,.1.. •» t«t.»r.t.r 70 for 
m.tr.tH thi. dtJf.r.ne. ..I pr.d.cln, . control .Ifl. 
„4 .. ..Pllfi.r 72 lor.p.-.r-..pli»»i»« th. <». th. 

t.t.gr.tor 70 .nd .„!,!.■ it to th. d.co.pr...io. » « 

drlvlnj pow.r. 

in tbt. l»..»ti.n. in th. c... vh.r. th. h...t«rit 
Ht i. ...U.r th.n th. v.l.. »t by th. pro.r... th. driving 
pov.r ..,,U.< « th. p„.p 28 1. ,r.du.U, !.«"...« »<• •» 
U. co.tr.rr. -h... th. h ...t.crit Ht 1. Ur,.r th.. th. ..t 
,.!„.. th. drl,in. P.vr ..,pU.* » *• »"» " l ' l " < "" nr 
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Th« operation of tht first embodiment of the V 
invention censtructtd described above vlll now be * 
explained In the following. 1 

Prior to the atsrt of heaodlal yais , there is 
loaded In setting unit 34 a progrsa reflecting the optlnuo. 
patttrn of hematocrit variation for tht prtltnt prepared on 
the basis of the weight gain froa the preceding dialysis, 
his blood prtssura and othsf aspects of his aedical record. 
Following this, hemodialysis is conducted in the known 



t 

U 

i 



tat 



In tht present Invention, the hematocrit is 
continuously measured during heaodlalysis end, using the 
atasurtd value, tht control atction U controls voter 
rtaoval la accordanet with tht aforementioned program. 

In*tht courst of hemodialysis, a dtslrtd level of <" 
ultrafiltration is generally carrltd out undtr the * .) 

atchanicsl pressure gtnerattd by decompression punp 28 snd } 
osmotic pressurt across tht stal pcratsblt membrane of 
tht dlalystr 18. In othtr words, by oaintaining the 
pressure on tht dialysstt sldt at s lowtr level, there 
It ultrafiltration froa tht blood sldt to tht dlalysatt 
sldt through tht semipermeable aeabrant. At this 
tiffle, tht ultraf lltratt ptr unit r.iae is not equal 
to the wattr aoveatnt froa Interstitial space into 
tht blood veasels through the capillary wall and this 

■1 
j 
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results in changes in the circulating blood volume within the 
petient'e body during heaedialyaia . Normally, about 1-31 
of water la removed totally during a single hemodialysis (A - 
6 hours) froa tht body. And uncontrolled water removal rate 
often causes sn excessive decrease in circulating blood 
voluae within the patient'a body. It ia a feature of this 
Invention that in the course of hemodialysis circulating 
blood voluae within the patleat's body is controlled so as to 
be constantly aaintained at a predetermined programmed value. 
To accoaplish this, attention has been given to the fact that 
tht total voluae of the blood cells rcaains censtsnt during 
hemodialysis (since they cannot pass through tht 
senlpcraesble aeabrant) so that the circulating blood volume 
within tht patient's body is inversely proportional to tht 
hematocrit value. Therefore, tht circulating blood voluae in 
tht patient's body csn be maintained constant by controlling 
tht dtcoaprtssion puap 28 so as to aaintaln the hematocrit, 
as measured, at tht desired progreaaed value. 

Therefore, in the first embodiment, vhta 
ultrafiltration proceeds rapidly and the circulatory blood volume 
drops quickly, since at thla time tht heaatocrit will rise 
above tht prograaaed value, tht ultrafiltration prtssure 
spplicd by the decompression pump 28 is reduced to prevent 
decrease in the circulatory blood voluae. A siailsr type of 
control is also applied in the reverse case. As s 
consequence, by carrying out control in accordance with a 
predetermined pattern in this way it becomes possible to 
carry out vsttr removal in s manner well suited to the 
patient'a condition, 

NMT00398 
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circulating blood volume within tht patltnt'a body to the^desired 
level. 

In this eabodiaent, tht heaetocrlt of tht blood in the 
arterial blood lint la measured and tht mtasurtd value la used to 
control tht replacement fluid taction 76 which regulatta the 
circulating blood volume In tht patltnt'a body. In thla 
embodiment, ainct a largt quantity of replactatnt fluid having a 
dif ftrtnt electrolytic concentration f roa tht extracellular fluid 
la Injected into tht patltnt'a body .from tht replactatnt fluid 
atction 76, a change occurs In tht electrolytic concentration and 
tltctrical resistivity of tht blood plasaa. Under thtat 
circuaetancts, a htaatoerlt Ht calculated froa only tht 
electrieal reaiativity in accordance with formula (2) will 
involve aa tltatnt of error. Therefore, in thla embodiment, the 

henacocrit He is calculated froa both the electrical reaiativity 

'» 

0. of the blood and- the electrical reaiativity p of the waitt 
d p 

filtrate liquid which cooatltutes one part of the plasaa. For 
this purpose, the waste fluid froa the heaofllter 74 is supplied 
to the heaatocrlt ataauring instruaent 24. 

The atructurt of tht heaatocrlt aeasurlng instrument 24 
of thla aecond eabodlaent la shown in FIG. 5. 

Aa shown in FIG. S, resistivity aeasureaenc devices 36a 
and 36b are provided on tht arterial blood lint and ont on the 
ultraf iltratt diachargt lint from tht htnofilter 76 respectively. 
These resistivity aeasureaent devices are of tht same structure 
as the resistivity measurement device 36 shown In FIG. 2. The 
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lectrical real.tivity ..a.ure.ant. fro. th..e d.Mc.i^ "°° 3 
6b 'forwarded to te»p«rature co-pens. tor. 86.. 86b where 

;h«y ere converted to the cor r..pendin| v.Uee for tht blood 
it 37*C «nd the coapen.it. d veluea art forwarded to th« 
.fith.otic circuit 40 th. electrical re.iativity P b of th* 
)lood end th* electrical reaietivity o p of th* filtrate 
Cplaaaa). The arlthattlc circuit 40 calculetea tha 
ntnetoerit froa tha r«aiatl vltiea . 

Hare, alnce in foraula (2) above, la th* 
raalatlvity of the blood when heaetocrit Ht . 0. t % haa to b* 
th* electrical resistivity p of th* pi..... That ii, [ - p 



then: 



Ht • K, t — 



Moreover, th* reletionahip between the change PP. (f) 

o 

cm) in the electrical reaiativity of noraal blood cauaed by 
th* addition of NaCl thereto and th* hesatocrlc Ht (X) cao be 
expressed m 

Ae b • • 3 <«) 

wherein it Is known that K3 equal* about 1/2-Kj. Therefore, 
in a case where th* HaCl concentration of the blood haa coae 
to vary froo the noraal value for a healthy person aa a 
reault of heeof titration or heaodialyala, then th* 
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r.l.tionm, „ ong th . tUctrlcal rtlUUvlty 0bef ^ bioQd 

« 37-C. th. .l.ctric.l r„ il(1 vu y p p e£ tht pl n<( ^ 

h.a.toerlt c.n be • p prox ic. t.d 



% 2 u» ^1 



or ••: 



1 r- Ht 

S4 S4 

Thu. th. f . e , tnit ti . „ u „ ubUiht< Th# trlt)iattie 
circuit *0 «... tM . Ml .ti.„ Mp t0 e . UoUt , tht ^^^^ 
fro. e b ... Pp . „„, 1Mel£le , llyi . , hlf - t elreou 8a 
..n... (S * - Pp) froo Pb iBi pp ln MMMMet ^^^^ 

(4). wh.r..ft, r . co.put.tio. circuit eon.l.ting ,f «„ 
«t..,.t.r.90. .. . ddtr „. . .„„„ „ , , ultlplltr 96 m< 

« .tt..„.to, ,8 ,. rl ,.. 1. Ht fre . #b of forouU (4j 
<»- P p ). H.««. . log.rith.ic ..plifi, r , 00 e .i luXit „ Ht- 
Thu., i. th. .....r j„, t ...crib,,, th. h...,.crit 

Ht 1. c.lcl.t.. t.kin, i.t, con.U.r.ti,. th. of 
=».»,.. iB th . , ltctr , lrtlc r „ uUlnj [taa 

h«ofHtr.ti.n .„,. „».,-,„, hwtBeriti t „. eentrol 
..ctie. H c.rri.. ,ut control .. lB tB . flr , t „> odl .,„ f 
««.pt th.t in thi. ..„„«, „ bo(11 „ nt th , ,..,.„.,„ flBl4 

••eti.. 76 ....tltutln, . r.jul.to, f„ t h. circuiting Moo, 
»olu.. i. eh . p . tltnt ., bedy 1b eolltrolU(| ^ teeor(jenc4 
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-1th a predetermined program. The control unit 32 of t9ft? 9003 
, second tmbodlatnt it shown in FIC. 6 «n<! will be nottd It' 
: it the iisi aa that in the first embodiment except that it is 
, provided with an inverting amplifier 69 between tha 
i aubtractar 68 and tha intagrator 70. 

Tht oparation of tha second embodiment of the 
I invention conatruettd at described above will flow pa 
t explained in the following. 

In thia second embodiment, J.oo. a prograa matched to 
: .the condition of the patient it loaded in the heaatocrit 
memory prior to the start of heaofiltration. and whan 
hemof iltration is begun, this prograa and the haaatocrit Ht 
obtained by measurement of blood and ultraf titrate 
resistivity are compared, and the supplying race of 
replacement fluid is appropriately controlled . accordingly . 

That is to -say, when the circulating blood volume in 
the patient's body falls appreciably and the heaatocrit Ht 
rises to becoae larger than tht programmed value, the 
replacement fluid injection rate is lncreaaed to increase the 
amount of blood in the patient'a body. On the other hand, 
when circulating blood voluee becoaes greater than the 
programmed value, the feed of replacement fluid it reduced to 
remove the exceeaive body fluid accuaulated In Che patient, 
more effectively. 

As described above, in this second embodiment, the 
circulating blood volume within the patient's body is 
controlled on the basis of the heaatocrit He in a aanner well 
matched to the condition of the particular patient being 
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treated »o that appropriate wattr reaoval can b« carried out 
without giving rise to associated disorders and coopl leatoni . 
Third eabodiaent: 

Tha third eabodiaent of tht invention is shown in 
FIC. 7. At la the preceding two eabodlaents, this eabodiaent 
also carrlas out htaodlalyela in a Banner characterized by 
tht fact that wattr rtaovtl is appropriately controlled on 
the basis of tht continuous ■essurtajent of both tht 
hematocrit and tht aaount of rtaovtd vattr. 

As was tiplalntd in conjunction with the second 
eabodiaant, in order to ataaure the heaetocrlt with high 
accuracy in a cast where tht electrolytic concentration of 
tht blood la chsngtd by the blood purification process, it is 
necessary to aeeaura tha electrical realatl vitita of both the 
blood 1 and the plaasfe. This third eabodiaent la alailar to 
tht flrat tabodlatnt in that htaodlalyala la carritd out by 
supplying dlalysatt froa tht dlalyaate supply device 26 of 
tht dlalyaate taction 12 to a blood purifier 102 on the side 
thereof divided froa the blood side by a seslperaeable 
mtabrant. Therefore, in order to aeasure tht electrical 
resistivity of the blood plaaaa, thert it provided separately 
of tht blood purifier 102 and within tht hematocrit measuring 
instruaent 26 a heaofilttr for separating off a part of the 
plasaa froa tht blood. This htaofllttr provides the 
ultraf iltrata required for aeaaurl he electrical 
resistivity of the blood plasaa. 

In this third eabodlaeat, the circulating system 10 is 
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■ provided in the return pip. 20 with ■ venous prtiturt 

' adjuster 20 which reguletee tht pressure en the „«i p er mea bl « 

•enibrane 0 £ tht blood purifier 102 in accordance with • 
• signal froe the control taction U and functions ss a 
: regulator for tht circulating blood volume in tht patient's 
•' body. 

1 In this third eabodiatnt.. tht hematocrit Is neasurtd 

1 in tht circulating systes 10 and. in addition, tht aaount of 
water removed is aeasured in tht dialysate section 12. For 
tht purpost of aeesurlng tht removed water, tht dialysate 
stction is provided with an ultrafiltration attar 106 which 
•assures the amount of dlslysste supplied to tht blood 
purifitr 102 on its inlet side and tht amount of waste fluid 
issuing from tht blood purifitr on its outltt sidt. This 
arrangement makes it possiblt to deteraint tht aaount of 
ultrafiltrate froa t*e difference between tht aaount of 
supplied dialysate and tht aaount of wastt liquid, and tht 
aaount so determined is converted to s water reaovel quantity 
signal which is forwarded to tht control unit 32 of tht 
control stction U, 

FIC. 8 shows tht structure of tht control section U 
of tht third tabodintnt. Separately of the htaatocrit mtaory 
66, tht sttting unit 34 is provided with a water removal 
quantity ntmory 108 in which there is stored a water removal 
quantity prograa aatchtd to the preferrtd patttrn of water 
reooval for tht patient £ -ing tht process of blood 
purification. The heaatocrit prograa and tht water quantity 
reaoval prograa are supplied separately to the control unit 32. 
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.ub tr .„. r . 66b , rtlp . etl¥tlr< „ BBrB thty rt i<btriet#4 

fro. th. h...t.crlt th. ...„, u ,t,.filtr.t, (..,„ 
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thr. M h... th. ,. rt£le . tl .. tt0 „ Tht rfigiti of 

b ° th °' »«•««••• «r. forv.rd.d t. .„ .dd.r no 
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prescribed v.lu.. lt 1§ poi$iblt te frtfly aeterBlne J^p^OOZ 
the a*ount of ultrafiltration 1. to b« increased or decreased 
for given degree* of difference between tht respective 
me.sured and prescribed >ilu«s. For this it i. possible to 
appropriately weight the subtracters 68*. 68b in this 
eabodiaent in accordance vith tht importance plactd on each 
of tht heaatocrlt and tht eaount of ultrafiltration. 

In the embodiment* described above, although the 
hematocrit is applied to tht control atctlon without 
modification, it is aleo poaslblt to apply it as it* 
reciprocal or in soee other aa theaatlcally aodlfitd fora. 

Again, though in tht above-deecrlbed tabodiaenta the 
hematocrit is aeasurtd to provide a dtptndablt standard for 
determining tht circulating blood volume within tht patient'a 
body with high reliability, it is othtrwiat possible In 
accordanct with this, invention to derive the protein 
concentration of blood via tht oncotic prtssurt measured 
using a semipermeable aeabrane and to use the changes in 
protein concentre tion to calculate tht changts in tht amount 
of circulating blood. 

Here it should be noted that in deteraining the 
amount of circulating blood from this oncotic pressure, as it 
is necessary to aeasure minute difference* in pressure across 
the aetni permeable aeabrane, it i* imperative to carry out 
strict quality control with respect to the semipermeable 
membrane properties.- 

Fourth eabodiaent: 

FIG. 9 shows the basic structure of the fourth 
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embodiment of the invention, which is used in hemodia , 9 °° 3 
This fourth embodiment includes • circulatory path 210 
through which blood removed from the patient's body is 
circulated, e dlslysste section 212 for supplying dlslysete 
to the blood purifier in the circulatory path 210, and a 
control section 214 for controlling the circulating blood 
volume within the patient's body in response to the amount of 
blood detected, in the circulator/ path 210, to be circulating 
within the patient's body, particularly in this embodiment, 
in response to the hematocrit value. 

In the circulatory path 210 t blood from the patient 
is fed via an inlet pipe 216 to a dlelyser 216 which purifies 
the blood by dialysis and ultrafiltration in cooperation with 
the dialysate scetion 212 and then returns the purified blood 
to the patient via a return pipe 20. During this process the 
blood Is circulated by a circulation pump 22. 

It Is a feature of this invention that in order to 
carry out safe and efficient removal of waste products in a 
dlelyser such as thst described above, there is provided a 
hematocrit measuring instrument 22ft in the circulatpry path 
210. This heoatocrit measuring instrument 224 continuously 
aessures the electrical resistance of the blood to obtain the 
blood hematocrit, and the osmotic pressure of the blood 
plesaa is regulated to maintain the circulating blood volume 
within the patient's body, which amount is inversely 
proportional to the hematocrit, in conformity with a 
predetermined program representing a pattern of veriation in 
the circulating blood volume in the patient's body 
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patient's body vhlch Is Matched to the condition of the patient." 

Th« dielysate section 212 is provided with • known 
dlslysste supply device 226 which supplies dlslysste to the 
dlalyter 218 and the outlet side of the dlalyter is connected 
with a decompression puap 226. Therefore, s negative pressure 
due mainly to the decompression produced by the decompression 
pump 228 is applied to the seal peraeablc acabrsne of the 
dlslyxer 218 so that water and solutes with aoleculsr weights of 
not aorc then 10,000 sre ultraf lltered to the dielysate side of 
the sealperncable aeabrsne. ~ 

Further, Id the feed path for feeding dlslysate froa 
the dielysate supply device 226 to the dlalyter 216 there sre 
provided s mixer 230 and a saline solution injector 232 which 
together constitute • regulation systca for the circulating 
blood voluae In the patient's body. The saline solution 
injector 232 Supplies a controlled oaount of a concentrated 
sodiua chloride solution to the alxer 230 which aixes the 
dialysete and concentrated sodiua chloride solution fed thereto 
and supplies the Mixture to the dlslyxer 218. In this eobodi- 
ment, the 'injection rate of the saline solution Injector 232 is 
varied by Che control section 214 in accordance with the hemato- 
crit. In this way, by appropriately controlling the sodiua 
chloride conctntrstion of the dislysste according to the condi- 
tion of the particular patient undergoing blood purification, 
the circulating blood voluae in the patient's body csn be 
maintained at the proscribed level* thus enabling optiaua blood 
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purification without danger of earning associated disorders 
or complications. 

Tht control section 214 consist* of a control unit 
234 for controlling tht sallnt solution injector 232 on tht 
basis of tht ota su red value froa tht hematocrit Measuring 
instrustnt 224 and a proscribed prograa, and a setting unit 
236 for storing a prograa corresponding to tht dtslred 
hematocrit variation pattern for tht patltnt as determined 
from his atdical rtcord. Tht setting unit 236 Includes a 
circulating blood aeaory wherein there is leaded a prograa 
representing the desired pattern of change in the circulating 
blood volume within the patient's body, this prograa being 
matched to the condition of the particular patient undergoing 
blood purification. 

In this eabodlaent, as the hematocrit aeasuring 
instrument 224 there is used the instrument shown in FIG. 2. 
With a view to assuring the safety of the pstlent and 
avoiding the effect of polarisation , a current of 25 KHz and 
30 UA rms is supplied froa the constant AC current source 54 
end, moreover, the voltaettr 56 converts the AC voltage to a 
DC voltage which it forwards to the teaperature compensator 
38* 

In accordance with this arrangeacnt, the electrical 
resistivity value obtained froa the resistivity neasurement 
device 36 is compensated for temperature by the tenperature 
compensator 38 according to the resistance of the thernistor 
58. Taking into consideration that in the vicinity of body 
teaperature the electrical resistivity of blood decreases 
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■bout 21 per 1 V C increase In teapersture, the teaper • • u re" 
compensation It carried out to as to convert the measured 
resistivity to that at 37*C. 

Neit, the tenperature-coapenaated resistivity value 
la forwarded to the arithmetic circuit 40 where it la uaed to 
calculata the hematocrl t . The ralationahip between the 
resiatlvity 0 fe (tl em) of blood in the vicinity of 25 KHs and 
the hematocrit Ht according to the cantrif ugation aiathod can 
be expressed aa: " 

»b " x 2 e 1 CU 

Aa, however JCj u 47 and Kj • 54. the hematocrit Ht can be 
obtained aa follows: 

Ht ' r i 4 n % m 

The arithmetic circuit 40 is provided with an attenuator 60 
and a logarithmic amplifier 62 for calculating Ht in 
atccrda^ce with the fcreula (1). 

It ii a itaz.rt o£ thla i-vai-.i tr-.at the 
hematocrit calculated from the electrical resiatlvlty of the 
blood in this way is uaed by the control section 2U to 
control the circulating blood volume in the patient's body. 
A preferred embodiment of the control aection 214 i» shown in 
FIC. 10. 
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In thi. e«bodi«,nt the ..tting ttnlt 236 .torj. 0 ^? 00 3 
inform. tion obt.ined f fo . patient', .edic.l record, on the 
pr.f.r.ble pattern of variation In the circulating blood volume 
in th. p.ti.nt's body durin f di.ly.i. .. t h. p.tttrn of 
ht.atocrit variation. It thus Include. . keyboard 264 for 
i-putting th. he..tocrlt p.tttrn progra. .nd • .«» ory for 
storing infor.ation on th. circulating blood volu.. in th. 
patient*, body, na.ely i 0 thi. e.bodi.ent. hematocrit memory 266. 

Tht control unit 234 ia.arr.nged to conirol th. ..lin, 
.solution injector 232 of th. di.lya.t. ..ction 212 on th. b..i. 
of tht progr.. .tor.d in tht h...tocrit »eaory 266 .nd tht 
••a.ur.d v.li,. fro- tht h...tocrit ...auring in.tru..„t 224. It 
th.rtfort coapri... . .ubtr.cter 268 for obt.ining th. 
dlff.r.nce bttwt.n th. h„.tocrit v.lu. .ccording to the progr.n, 
stored in ch. htctocrit .t.ory 266 .nd th. .e.aured h.o.tocrit 
Ht obt.in.d fro. th. h.-.tocrit ...auring' in.tru.ent 224 during 
dialysia. an int.grator 270 for integrating thi. difference, . 
differentiator 272 for dif f ertnti.ting the s..e difference. . 
subtr.cter 268. .nd .n adder 274 which veight. .nd adds the 
output, of the int.gr.tor 270 .nd the dif f erenti.tor 272 to 
produce . control signal. 

In this invention, in th. case vhere the heoi.toerlt 
Ht i. .».ll, r tnao tht vtlut „ t by th€ progr0Bt tht lBjtetl „ 

r.te of the injector 232 it gradually decreased and. on the 
contrary, when the he.atocrit Ht la larger than the set v.iue. 
ch. injection r.te of the injector 232 i. gradually increased, 
-hereby eh. circulating blood , 0 Iu.e c.-* iJCf 
is aaintained at th. prescribed level by regulating the 



- 31 * 



NMT00412 



■■BaaMlfmillii Ml i ■ 



osmotic pressure of iht blood plssaa. 0089003 

The operation o( the fourth eabodlaent of the 
Invention constructed ss described above will new be 
csplalned In the following. 

Prior to the start of hemodialysis, there is loaded 
in setting unit 234 a prograa reflecting the optinua pettern 
of hematocrit variation for the patient prepared on the 
basis of any increaae in the patient's weight, hl*s blood 
pressure and other aspects of his aadleal record between the 
completion of the preceding dialyafs and the beginning of 
the current one. Following this, hemodialysis Is conducted 
In the known manner. 

In the present Invention, the heaetocrit is 
continuously measured during hemodialysis and, uaing the 
measured value, the control section 234 controls the 
purification operation In accordanct with the a f orcaentioned 
program. 

In the course of hemodialysis , a desired level of |j 

it 

ultrafiltration is generally carried out under the ."i 
mechanical pressure exerted on the semi peracabl e aeabrane of <i 
the dialyzer 218 froa the side of the circulatory path 210 p] 
and by the decompression pump 228, and under the osmotic $ 
pressure between the blood and the dlalyaate. In other 



j t 



I 



words, by maintaining the pressure on the dlalysate side at 
a lower level, water contained In the blood la ultref iltered 
through the temi per rati bit aeabrane to the dlalysate side. 
Ac this time, the aoount of ultrafllt ered water per unit 
time is not equal to the amount of water passing into 
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•H. f,„ ,M bod, ti f th . MU „ t ; ht °° 89003 

r..«H. 1. ch.n,., in th . clrcul.tl., blood ,.!„„ „ ltnlll tn< 
p.tluf, b<(()y --rlBg „.„di.l r .i,. Hor ., u>> , b , Bt j . 3l 

1. r .. 0 „ d durlB| , , ln|lt h ,„ dI , lrlU (4 _ 6 
»•«.) .nd thi. c.»... . d.cr.... 4 , th , elreulteln! bleed 
••I— within ,h. p.ti.nt'. bod,. It t. . ,.. tur . of thi , 
inv.ntion th.t lB tB . „„„ 9{ £lreul>tlng 
blood rolu.. rttMl th . Mtl .„., >, ay J§ m 

t. «... MBt i T ..i„ t .tn.d . ;,.,.,.,.,„, pr d ,. lue . 

T. .eeo.pli.k tM .. „.„„.. B „ b ..„ „„„ te thf U t thet 
«. **l..t .f th. blood c.U. r...l„. „„„.« dorl „ 8 

kt.041.1,,1, (.!«. th, r «.„.« „,„ lhreil|h tne 

*..lp.r...bl. ...br.,.> tt „ {h , clreul . tlns bleed veluot 

within th. p.tl.nt-. bod, i. i.„ r „ lr pr , p-rtloMl t0 th , 
h.-.tocrit. Th.r.f.r.. th. circul.tin, . blood , 0 lu.. lB th . " 
p.ti.nt'. b,d r c.» b. ..int.in.d eon.t.nt b r controlling th. 
.olurion inj.ctor 232 .0 „ „.i otlin th . 

*""•«*» •»»-". « th. d.,i„, pro,r....d ,.!„.. 

Th.r.for.. in th. fourth ..bodi..nt, «h.„ 
th. p.„.„ of v . ttr ,„„ tht lnt „ lor of th> etUj 

•nd th. ti..o« iot.r.tic. into th. blood v«,„i, 
J.e>..„. .»d th. ..,„„ t ,f «i, euUtln , fcloed drop> 

i«uki, .. , h . r ., uU o{ „„„ „.„„_,„„ <t thij 

th. h«..tocrit will rll . .„„.. the .„.,„.,, „ lu<> 
th, ...„„, of ..li„. ieIm „ lnJtct , d „, e „, lBj „ tor 
232 i> lncr....d to r.i.. th, ...otic pr.„ur. of th. 
Pi.... and pr.».nt d.er,... i, th. t.„ at of eircl.tiog 
"ood. * ,i B i llr t „, of eoBtrel lf t , M iBpllt< 
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in the reverse east. As a consequence, by carrying out 
control in accordance with a predet trained patttrn in thla 
way it becomes possible to carry out reaovel of vaatt 
product* in a aanntr well suited to the patitnt'a condition. 
Tilth eabodiaent: 

FIC. 11 shows a fifth eabodiaent of th« blood 
purification apparatus according to this lnventton. Parts 
identical with those of the first eabodiaent are indicated by 
like rtference nuaerals and eiplaffation thereof is omitted. 

Siallarly to the fourth eabodiaent t the fifth 
eabodiaent is also characterised by the fact that optiaua 
purification is carried out by coaparing the circulating 
blood voluac in the patient's body during the purification 
operation with the patient's prograa while at the saae tiae 
comparing the otaotic pressure of the blood plasaa with the 
prescribed value." 

Differently froa the case of the fourth 
eabodiaent, however, in this fifth eabodiaent purification is 
carried out by heaof il tration . 

A part of the components of the blood plasaa 
including waste products is ultraf lltered froa the blood by a 
heaofllttr 276 and a decoapresslon pump 284 provided in a 
waste fluid section 282 connected in coeaunlcation with the 
waste filtrate side of the heaofllter 274. During this 
heaofiltretion , replacement fluid Is supplied to the 
circulatory path 210 froa a rcplaceaent fli; section 276. 
The purified blood is returned to the patient. 

In this eabodiaent, the replacement fluid section 
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276 comprises a first replacement fluid reeervcir 277 ^089003 
containing replacement fluid .of • eodlua concentration* equal 
to or •lightly lovtr than that used in the ordinary 
hemofiltration atthod (between 133 and HO «Eq/l, for 
example), a first feed pusp 279 for supplying this 
replacement fluid to the circulatory path 210, a second 
replacement fluid reservoir 288 containing a concentrated 
sodium chloride (NaCl) solution, and a second Teed pump 280 
for supplying this replacement fluid (concentrated NaCl 
solution) to the circulatory path 210, the first feed puap 
279 of the replacement fluid section 276 constituting a water 
resoval regulator, the second feed puap 280 constituting a 
plasaa osmotic pressure regulator, and said vstcr removal 
regulator and plasaa osmotic pressure regulator together 
constituting a regulator for the circulating blood volume in 
the patient's body. By varying the operating speed (rpa) of 
the feed pumps 279, 280 under the control of a control signal 
from the control section 2U, the saount and concentration of 
the replacement fluid supplied to the circulatory path 
210 Is regulated so as to control the aaount and NaCl 
concentration of the blood circulating vlthln the patient's 
body. 

In this eabodiaent, the hematocrit of the blood 
in the circulatory path 210 is measured end the measured 
value is used to control the replacement fluid section 
276 which regulates the circulating blood volume in the 
patient's body. In thla emboi" .' * *nt , since a large quantity 
of replacement fluid having a different electrolytic 
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cc..,r.tl.. fr „ th , ,„„, „ ^ ^0089003 

p..*...-. f r „ ,.,,.«...„ flyU MetlM 2 ; t 

5 1B th * •l«*r.l fM « «..«.„,.„ 

r.. t . tlYlt , of eh . fl uBjir 

elrCU "'"" e ■« «.l..l.t.< fro. th . 
•l.ctric, ,„ 1<tlmy lB .„.,..„„ vlth for _ uit (j> 

h..„. erlc Ht i. e . leuut . d .«,.,..„..•„„„ for|>oUj 
(3) .. M ., fron both th. .l.ctrlc.l rvtltclvitjr o <„„, ef 

" 4 th ' '.:i«t.i«, P (0 c.) of th. 
v..c. m„. t . u , ul , Bhleh e .„ {ltttt rt >f ^ 



C5) 



4- Ht r- Hl 

. ^ • P " ♦ (54 ' »,> C ^ )* 

5T * — : — 2-si- («) 

I» c.lcul.tlng th. .l.ctric.l r.,i. llYltr p of th , 
th « «l««lc.l N .i.u, U , P, of th. 
«Lr«. «„„. .Uh. U| h-r 2 .. y ,. r v vttn £h# 

PL... pr.t.in c.nc.tr.ti... th. b..t r .. u lt. „, 
by ...ualng r 2 . 1.05 .n<t r. . 47. 

Th. .tructur. of th. h...totrit ,..„„„„ 

22* i. .how. lB ric. n. . h . rti . lt vllI b . „„„ thi( ln tht 

elrcl.torr p.th 210 th. ...t. fluid fro. th. h..ofil,. r „« 
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Is supplied to the heaatocrit aess'uring instruaent 224. 

Aj shown in FJC. 12, resiatlvlty Miiurtnent devices 
237a end 237b arc provided on* on the blood Inlet side and 
one on the waste fluid outlet side of the heaofilter 274. 
These resistivity aeasurceent devices are of the same 
structure as that shown In FIC. 2. The electrical 
resistivity aeasureaents froa these devices 237a, 237b are 
forwarded to teaperature coapensators 286a, 2*86b where they 
are converted to the correspond lng values for the blood at 
37 # C and the coapensated values are forwarded to the 

•rithaetle circuit 40 a* the electrical resistivity p of the 

b • 

blood and the electrical resistivity P % of the filtrate. The 
arithmetic circuit 40 calculates the heaatocrit froa the 
resistivities. 

The heaatocrit Ht Is calculated froa p. and P in 

0 s 

accordance with the foraulas (3) and (6). More specifically. 0 

P 

is obtained fro« p $ by an aaplifler 287 having a gain of 
K 2 . whereafter an arithmetic circuit 288 calculates the 
heaatocrit Ht in accordance with the foraula (6). 

In this embodiment, the HaCl concentration of the 
replacement fluid is regulattd to eontrol the HaCl 
concentration of the pisses (i.e. the osaotic pressure of the 
plssss) and in this way" the passage of intracellular water to 
the exterior of the cells is regulated to aalntain an 
appropriate distribution of body fluids. To prevent an 
excessive or unnecessary rise In the NaCl concentration of 
the tloo plasms during this process, this csbodinent 
aonitors the HaCl concentration of the blood plasma and on 
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the b«sis of the •oaitorid concentration controls the NaCl 
concentration of the rt P l. c ,* tn t fluid. Most of the NaC? in 
the plasma Is divided into Na ions and CI ions and it is 
these which account for the aejor part of th« pl.t** 
electrolyte. Thus it Is possible to deteralne the NsCl 
concentration of the plasaa fro- the electrical resistivity Pfa 
of the plaaaa. This eabodlaent 1* thus provided with a 
plasn. osmotic pressure aeasureaent section composed of the 
hemsiocrit measuring instruaent 224, the filtrate resistivity 
measurement device 36. tht temperature coapenaator 286b and 
an amplifier 287. 

Thus, there is obtained both the variation in the 
electrical resistivity of the plasaa caused by the process of 
hemofiltration and a heaatoerit which reflects the effect of 
this variation and on the basis of this electrical 
resistivity o b .of the plasaa and the heaatoc.rit t the control 
section 2U control* the replacement fluid section 276 which 
in this eabodlaent constitutes the regulator for the 
circulating blood voluat in tht patient's body. 

Tht control section of tht fifth eabodlaent is shown 
in FIG, 13. In addition to the hematocrit aeaory 266, the 
setting unit 236 Is provided with a plssaa osaotic pressure 
memory which stores tht upper liait of the plasaa HaCi 
concentration in the fora of the electric resistivity Pp (aa Pp 
falls with rising NsCl concentration, the value atored is the 
lower limit of p p ) . In the present eabodlaent, the role of 
thi* memory is played by a plasaa resistivity aeaory 290. 
Tht heaatoerit progrta and tht prescribed value of tht 
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1 plasma resistivity arc thus separately supplitd t0 th P° 89 003 
control unit -234 , ^ 

As In tht fourth esbodlaent. tht control unit 234 is 
provided vith tht subtracter 268a. the integrator 272. and 
che adders 274, ,„d 274b which, on the basis of the value 
received froa the aeaory 266 and tht hematocrit Ht which is 
| continuously atesured during tht courat of blood 
| P«rificsiion, produce control signsls for the first. and 
i second- fetd pumps 279. 260, and i, provided additionally with 
J • liaiter 292 which limits or decreases the signal output to 
tht second feed puap 280 froa the sddtr 274b when the 
difftrtnet calculated by the subtracter 268b between tht 
prescribtd value f r0 a tht plasaa rtsistivity nitaory 290 and 
the aeasured v«l uc 0 f tht plasaa resistivity btcoaes zero or 
negative. Thus, as described above, the regulator for the 
circulating blood voluae in the patient's body in this fifth 
embodiment is comprised of a water rcaoval regulator 
constituted by the first feed puap 279 for supplying to the 
circulatory path 210 replacement fluid of an osaotlc pressure 
equal to or soaewhat lower than that normally used, and a 
plasaa osaoti* pressure regulator constituted by the second 
feed puap 280 for supplying high osmotic pressure supplement 
liquid. These two regulators receive separate control 
signals froa tht separately provided adder 274a and adder 
274b, each of which adds to the dtviation signal from the 
subtracter 266s both the differentiated value and tht 
integrattd value of this dtviation signal, in an 
•ppropriatsly wtighttd relationship. 
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0U t vhil« at the ■•■€ tiae preventing any rite in tht osaoMc 
prlll urc of tht patient's pliiii. On the ochtr hand, vhtn the 
circulating blood voluae In the patient'a body la •••Her then 
the prograamed value, the Injection rates of the first end 
second feed puaps 279,280 ere increased to reduce the anount 
of water while at the saae tiae increasing the NaCl 
concentration of the replaceaent liquid* in this way promoting 
the passage of water out of. the cells and increasing the 
eaount of circulating blood. 

Also in this eabodiaent, when, in the courae of the 
above described control, the osaotlc pressure of the patient's 
plasea is raised by increasing the output of the aecoad feed 
puap 280, since this causes the plasaa resistivity P p to fall 
below the prescribed value, the injection rate of the second 

feed puap 260 will be restricted so that the plssaa osaotic 

I 

pressure will not becoae excessively high. 

Thus, since this fifth eabodiaent prevents both 
excessive decreases in the circulating blood voluae in the 
patient's body and excessive increases In the plssaa osaotic 
pressure, it aakes it possible to carry out well-balanced 
removal of waste products froa the blood without giving rise 
to associated disorders snd complications. 
Sixth eabodiaent: . 

FIG. H shows the sixth eabodiaent of the invention. 
Parts identicsl with those of the fifth eabodiaent sre 
indicated by like reference nuaerals and explanation thereof 
ia omitted. 

Similarly to the fifth eabodiaent, the sixth 
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embodiment .1. 0 carries out appropriate blood puriUefti 0 8 n 9003 "J 
control on tht bt.it of three factor.: control of the , '> ! 

hematocrit, control of pl.t.* oeaotic pressure and continuous ;3 I 
me.3urta.nt 0 f water reaoval. In order to •mure water 
remov.1 thia embodi.ent ia provided with a diacharge liquid t 
tank 294 for storing the «1 tr.f ilerate issuing from « waste <o i 

liquid a.ction 282. and tha discharge liquid .tank 294 and the o, 
replacement liquid restrvolra 277,278 of tha replaceaent j 
liquid section 276 are all integrally flied on a table 296, -o 
•The vai,ht of the table 296 and tha .ember, thereon, a. well 
aa any change therein, is measured b 7 . , C alt 298. Therefore, Ja< j 
thi. scale aeaeurcs the difference betv««n the amount of waste -ql 
liquid ultrafiltered fro. the patient's blood and the .mount wo/I 
of replactacnt liquid added to the patient's blood, and the 
measured value is forwarded fro. the scale 298 to the control >1 j 
section 2U as.a water reaovsl quantity signal. Tq.| 

The construction of tht control section 2U of the 
sixth e.bodlaent is shown In FIG. 15. In addition to the 
hematocrit acaory 266 and the plasaa resistivity neaory 290, • *q 
the setting unit 236 is provided with a water removal quantity *iq 
memory 300 which stores a prograa for the best pattern of • -i 

water rtmoval for the patient during blood purification baaed 
on his acdlcal records. The hematocrit program, the 
prescribed value of the plasma reaistivity and the water 
removal program are thus separately supplied to the control * 
unit 234. . 

In addition to those components of the control unit 
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of che fifth embodiment, the control unit 234 of the ai*th 
eabodinent is provided with • eubtrecter 268c vhich subtracts 
the output, of the water removal quantity aeaory froa the vater 
removal Quantity continuously aeasured by the scale 296 during 
blood purification , an integrator. 302 for integrating the 
output of the subtracter 268c, and an adder 304 which produces 
a control signal for the first feed puap of the vitir reaoval 
regulator by adding the output of the integrator 302 and the 
adder 274a in a weighted relationship appropriate for the 
particular patient whose blood is being purified. 

In the control section 214 of the sixth eabodiaent 
constructed aa described above, when during blood purification 
the measured values of the hematocrit and the water removal 
quantity art larger than the prescribed values, the injection 
rate of the first feed puap 279 Is Increased and, on the 
contrary, whan they arc smaller, the injection rate Is 
lowered. Again, when the measured water reaoval quantity is 
smaller then the prescribed value but the aeasured hematocrit 
Is lsrger then the prescribed value, or vice versa, the 
injection rate of the replacement liquid can be increased or 
decreased as desired by controlling the injection rate of the 
replacement liquid on the basis of the differences between the 
respective aeasured and prescribed values. At this time, the 
importance placed on each of the hematocrit and the water 
reaoval quantity can be reflected by properly weighting The 
outputs of the adder 274a and the Integrator 302 according to 
the condition of the patient when they are added In the adder 
304. 
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further, control by tht pl.t.. osmotic prees\re 

regulator on the ba.i. 0 f tht h ...tocrit and the electrical 

resistivity of tht pl „„ c „ bt contfocted ln cht g r „ ln " f 

the fifth embodiment. '£ 

Thut in accordance with tha sixth embodiment, water 
r.»ov.l c . n bt carrlfd oue vhUt „ lnt . 1Mng <n . pproprlitc 

circulating blood volume within th. patient', body during blood 
Purification, and. in . e ... wh.r. it i. impo.aibl. to meet both | 
of tha above-mentioned requirement. bac.ua. a l.rg, snoynt of 
waste product, have accumulated in th. patient's body, it 1. 
possible, by .-ploying . prt.cribtd d.gr.a of w.ighting. to 
carry. out th« rtmov.l of w..t. product, fro. th. blood whil. 
maintaining an appropriate balanct between tha two. 
Other variation, of th. Invention: 

In .the fourth to sixth embodiaeats described above, the 
measurement of the electrical resistivity of the blood is 
conducted by me.surement cell, connected to and in communication 
vith an extracorporeal circulation system. Th. invention i, not 
limited to this arrangement, however, and it is possible, for " 
•xempl., to conduct this measurement using electrodes located ' 
within an air chamber of th. known type which is ordinarily 
provided within the extracorporeal circulation system for 
removing bubbles but which, for brevity of explanation. ? 
was not referred to in the preceding description. In this 
case, the electrodes csn be located near the bottom of 
the air chamber or at some other portion thereof where they 
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•rt frtt from tht ebo ve-deacrlbed tfftct of blood flow. 

AUhouih In tht fourth to sixth embodiments the 
hematocrit is inputted to tht control section in it. unaltered 
form, it it .l.o pottlble to ute instead ltt reciprocal or 
soot other aathtmetically aodlfltd fori thereof. 

In the fourth to sixth embodiments, in order to 
control tht .mount of blood flowing within tht petlent'a body 
with high reliability, hematocrit aeeeureaent la uaed «a a 
dependable meant for determining the amount of circulating 
blood. In this invention, hovevtr, it is also possiblt to 
derive the prottin concentration of tht blood vlt tht oncotic 
pressure measured ualng « sealperaeable mt.brant and to uat 
tht changes in tht prottin concentration to calculate tht 
changes in tht amount of circulating blood. 

Htrt It should be noted, that In dtttralnlng tht 
amount of circulating blood from this oncotic pressure, aa it 
Is necessary to measure minute difftrtnets in prtssurt across 
the stBiperaesblt mtibrsnt (30 - 35 anHg), it Is iaperatlve to 
carry out strict quality control with respect to tht 
properties of tht semi perats ble oembrane. 

Nor Is tht invtntion Halted to tht arrangtaent uaed 
in the fourth to sixth embodiments wherein the regulation is 
realized by controlling tht amount of concentrated NaCl 
solution injection so' as to control tht NaCl conctntration of 
the replaceatnt liquid. Insttad it is possiblt, for example, 
to control tht injection ratios of two types of replacement 
liquids, one having a sodium conctntration at the upper limit" 
(«.g. 180 aEtq/1) and the other having a aodlua concentration 
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at the lower UoU (B . g . l35 aEq/J) , Alao for ching4n| th . 
plasms osmotic pressure. It la possible to use other 
substances than sodium such s. .snnitol. glycerol, albumin 
«tc. In the ease of using one of chase substsnces, however, 
it is necessary to use as the meane for measuring the plasma 
osmotic pressure one that is capable of accurately meaeuring 
changes in the concentration of th« substance .and also to use 
a nean. for measuring the .„unt of circulating blood which is 
not affected by the substance concerned. For tu.pl.. ln the 
•case of using albumin for the control of the plasma osmotic 
pressure, it is necessary to use a hematocrit aeaauring 
instrument or the like for the measurement of the amount of 
circulating blood. 

In the fourth embodiment, the water removal 
regulator for the circulating blood volume in the patient's 
body regulates the pressure (negative pressure) on the 
dlalysate side of the blood purifier (dialyxer) in order to 
vary the rate of ultrafiltration by the blood purifier. The 
Invention is not limited to this arrangement, however, and 
instead, the rate of ultrafiltration can be varied, for 
example, by regulating the pressure (positive pressure) 
*ppU«d to the blood side of the blood purifier. 
Effect of the invention: 

As has been explained in the foregoing, in 
accordance with the present invention, the circulating blood 
volume within the patient's body is continuously measured 
during the blood purification process so that it is possible 
to automatically control the rate of water removal in 
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(C eordence vith * prescribed program aatehed to the pePi9A,^^^ 
[concerned. Therefore, effective witir reaovsl can be carried 
out while aalntalnlng the circulating blood voluae within the 
uitltnt's body at the optlaua level. 

Further, in accordance vith the present Invention, 
the circulating blood voluae within the patient'a body, the 
essoclc pressure of the plasaa and the quantity of water 
reaoval arc measured during the blood purification process so 
that the osaotic pressure of the plasma snd the rste of water 
removal can be automatically controlled in accordance with a 
specified prograa or value matched to the patient under 
treatment so that It Is possible to carry out well-balanced 
reaoval of waste products froa the blood while maintaining the 
circulating blood volume within the patient'a body at an 
ipproprlatt level. 
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CLAIM 



1. A blood purification apparatus comprising an 
extracorporeal circulation system (10). and a blood purifier 
(18, 74) provldtd In said system for purifying blood by 
dialysis or filtration through a semipermeable ■tnbrmt, 
characterized in that said apparatus further comprises, 

a circulating blood volume measuring instrument (26) 
conntcted to said extracorporeal circulation system, for 
messuring changes in the circulating blood volume within a 
patient's body, 

a control section (14) conntcted to said circulating 
blood measuring instrument, comprising a memory (66) for 
storing a progrsm for a pattern of changes in the circulating 
blood volume during blood purification, said program being 
matched to .the condition of the patient, and 

a reguletor (28, 80) connected to said 
extracorporeal circulation system and said control section, 
for controlling the circulating blood volume, said regulator 
being controlled by said control section on the basis of the 
circulating blood volume measured during blood purification 
..and the programmed amount, 

whereby optimum blood purification is csrried out 
while maintaining the circulating blood volume at a prescribed 
level. 

2. An apparetus eccordlng to claim 1, further 
comprising a water reeovei, quantity measurement device for 
measuring the smount of water removed from the patient's body 



NMT00428 



0 



! 0089003 

connected to said control section, vhtrtln said control"" 
section further comprises • water removal quantity memory for 
storing a water removal prograa sod controla aaid regulator on 
che baaia o£ a compsrlaon of the circulatinf blood volume 
meaeured during blood purification and the eeaaured quantity 
of removed vater with prograaaed valuta. 

3. An apparatus according to claia 1 or 2 wherein 
aaid regulator coaprises at least one of a water reaoval 
and/or supply regulator and a plasas osmotic pressure 
regulator . 

4. An apparatus according to any one of claina 1 to 
3, further coaprislng a plasas osaotic pressure aeasureaent 
device for substsntlally measuring the osaotic pressure of the 
plasas of the patient, connected to ssld extracorporeal 
circulation system and said control section, wherein said 
regulator conprlsfs s vater removal and/or supply regulator 
•nd a plasaa osaotic pressure regulator, and said control 
aectlon further coaprises a plasaa osaotic pressure memory for 
storing a prescribed vslue of plasaa osaotle pressure and 
controls ssld regulator on the basis of a comparison of the 
circulating blood volume measured during blood purification 
with the programmed amount and of the measured plasma oaaotic 
pressure with the prescribed vslue. 

5. An apparatus according to claim 4. further 
comprising a water removal quantity measurement device for 
messuring the amount cf water removed from the patient's body, 
wherein said control section further coaprises a water removal 
quantity memory for storing ■ vattr reaoval program, snd 



NMT00429 
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with th. prog...... ... UBl , of t x >ette ■ 

Pr...«,. th. p r .. erlbtd ,. lBfi .„„ of t ^ 

of r...,.d w . t . r wtth thf gnt 

«• A» .pp.r.tu. .eeordlng to . By „„, o( eUlnj , tQ J; 

5. «h„.u ,. t4 pl tl . prti>uri f#t(iUtor _ ^ jj 

to, control!!., th . lB , u , ln| r , tt ef hrptr in(j/or ^ | 
0..0LI ., ltttl0B t0 eontrel lfct plifM esooiie prtMiift< | 

A» .pp.r.tu. .ee.rdin, to , By ... of (UUf , t< ij 

6. wh. r . iB 01 ,. otie Brti>urt jt|uUtof eoap i e ^ j 

»..». for ,., yl „ g th . tltetrolytle ..„«,„„„„ of , £;! 
il,1 »" t ' « • r.pl.c.nc fluid. S i 

8. *"'«PP«»»» .ec.rdln, to el.i. « or 5 , vh , rel „. | 
..Id Pl.... ....tie pr.,. or . .,„«,.«.« ot¥le , e ,.. rlM> . 

«... for ...,»n», th. .loecrolytie eo.c.tr.tl.n of the 
ple.a., 

9. An apparatus according to any one of claim. 3 to 
3. wherein ..id o.ool.l solution include, .t le..t one 
electrolyte an osmolel eolute. 

10. An apparatus according to any one of claim. 3 
to 9. wherein .. ld water r „„ u qu . ntlty r9%uui9r Coopri<ef ^ 
•t l.a.t on. of a ...a. for producing . mechanical pressure ^ 
.cross the semipermeable membrane .„d . Bt . n . for infusing-. 



replacement fluid into ..id extracorporeal circulation system 

11. An apparatus according to any one of the 
preceding claim,, wherein ..id circulating ' blood voluc. 
»t..uring instrument i. . hematocrit measuring instrument 
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which detects changes in the circulating blood. 

12. An apparatus according to any on* of the 
preceding d.i.,, wherein ..id he.atocrit ..a.urin, in.trua.nt 
comprise, a re.i.tivity aea.ur.aent device for at .,urln S tht 
electrical resistivity of th. blood in ..id «x trscor por e.l 
circulation. syste., a temperature co.peos.tor for coapen.ating 
th. ae.sured resistivity for te.per.ture. and an arithmetic 
circuit for calculating th. h..atocrit fro* th. .lactric.l 
resistivity. 

13. An apparatus according to any one of the 
preceding cleias. wherein the resistivity aeasureaent device 
ha. a aeasureaent cell including at Last one pair of 
electrodes provided in an insulstive pipe completing with 
said extracorporeal circulation systea at position, 
syaoetrlcally opposed with respect to the axis of the 
insulatlve pipe and" separated fro. each other by a prescribed 
distance In the axial direction of said Insulatlve pipe. 

14. An apparatus according to any one of the 
preceding clalas, wherein said resistivity aeasuremcnt device 
is further provided with a aeasureaent cell for measuring the 
electrical resistivity of the plasaa coaponent of th. blood, 
and the hematocrit is calculated froa both the electrical 
re.i.tivity of the blood and the electrical realatlvlty of the 
plasaa coaponent. 

15. An apparatus according to any one of the 
preceding claims, wherein a filter is provided for 
ultrafiltratlng a portion of the plasaa froa said 
extracorporeal circulation systea end the aeasureaent cell for 
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aeasuring the electrical resistivity of the pWana component 
is provided in a waste filtrate psth of said filter. '*| 
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